Abstract-The
I. INTRODUCTION
Cracks in structural members will reduce the security of the structural system, even lead to the failure of the entire system. Through the analysis of a large number of fracture accidents, The fracture is related to the existence of defects or cracks in the structure [1] . The failure of the structure or the machine caused by a defect or crack is the most important, the most common failure mode [2] . To determine whether the component can be used safely, the most important is to determine whether the crack will be unstable and extended to lead to the destruction of structure and equipment. According to the viewpoint of fracture mechanics: The stress intensity factor KI of the crack tip is less than the fracture toughness of the material Kc, then the component is safe, otherwise, the component is dangerous [3] Therefore, how to get the stress intensity factor of the crack tip accurately and effectively is always causes the concern of engineering and technical personnel. In the calculation of stress intensity factor, by using the analytic method, the exact solution can be obtained in theory.
However, in engineering practice, Due to the complexity of the structure and the shape of the members and the complexity of the structure stress and the diversity of the crack shape, Analytical methods are often difficult to describe and solve in mathematics. The finite element method is an approximate method of numerical calculation, but because of its powerful modeling function and it can make full use of the computer's computing power, and with the continuous refinement of the grid division, which can continue to be close to the exact solution, So as to meet the needs of engineering practice.
There are many ways to prefabricate crack of the test component. Line cutting crack slot has excellent machining performance, including the better processing efficiency, better machining accuracy and better surface quality which is widely recognized and adopted in the modern manufacturing industry. Because the object of the study of linear elastic fracture mechanics is sharp crack, so, the crack tip of the specimen used for the determination of KIC should be sharp. The sharp crack often made by using of the method of fatigue test. But the fatigue of the prefabricated and fatigue crack is laborious and time consuming, and the length of the crack is not easy to control. It is easy to form stress concentration when the gap is prefabricated.
So in this paper, the main objective is by comparing the calculation results of the stress intensity factor of the slot type crack model and the fatigue crack model to prove that in the case of a certain precision, whether the analysis of the slot type crack model can be used to replace the fatigue crack model.And the second objective is to comparing the accuracy between displacement method and stress method.
II. BRIEF INTRODUCTION OF CALCULATION METHOD
Using ABAQUS to establish the slot type crack model,In the slot type crack finite element model, the stress intensity factor cannot be calculated automatically. So this paper uses two methods of direct calculation of stress intensity factors of crack tip based on the finite element theory, that is, the node displacement method and the nodal stress method:
The theoretical tension stress intensity factor solution of single side crack under uniaxial can be expressed as [4] :
Displacement method for calculating stress intensity factor [5] :
Stress method for calculating stress intensity factor: Fig. 1 shows a finite large plate with a single side crack, geometric dimensions shown as it: height is 2h=200mm, width is 2b=30mm, crack length is a=5mm. Both ends of a flat plate have uniform tensile stress which is 2MPa, Elastic modulus is E=57140MPa(cast iron), Poisson ratio is  =0.3. Due to the symmetry of structure and load, so only half of the structure is analyzed in this paper. Fig. 2 is finite element model of slot type crack for opening 0.1mm, Fig. 3 is the finite element model of the sharp crack with no openings.
Boundary condition: Lower boundary:Displacement is fixed in vertical direction.The crack is free. Upper boundary:Displacement and rotation are fixed in horizontal direction.
In order to reduce the computational unit, method of grid transition is adopted, at the crack tip up and down 5mm at the local location using 0.1mm grid, the far field part still uses the big grid.
The model with 0.5mm mesh created by Abaqus which is shown in Fig. 4 : The displacement method and stress method are used to calculate the stress intensity factor by formula(3) and (4), which will be compared with the theoretical solution calculated by formula (1) .
The calculated displacement and stress are plotted in curves, as shown in Fig. 6 and Fig. 7 : The general trend of displacement curves for each model is the same, we can see that with the refinement of mesh, the displacement is upward. Due to the instability at the crack tip, There is a singularity point in the 0.5mm grid. The stress gradually stabilized at about r=1. 5 The curves of stress intensity factor calculated by displacement method and stress method, drawing curves, are as shown in Fig. 8 and Fig. 9 :
By analyzing the result of displacement method, we can get the following conclusions:
The sharp crack model is closer to the theoretical solution than the slot model. In the sharp crack model, the smaller the mesh, the more accurate the solution, but in the slot model, the result is not obvious. By analyzing the result of stress method, we can get the following conclusions:
Advances in Engineering Research (AER), volume 72
The sharp crack model is closer to the theoretical solution than the slot model.
The calculated results of the model are compared with the theoretical solution derived from the formula (1), The calculated value is close to the theoretical value. So that the models are accurate.
Using the curve which is obtained by the calculation results to fit a smooth curve, using displacement extrapolation method to calculate stress intensity factor in crack tip(r=0). The predicted stress intensity factors are shown in the tab. 1: IV. CONCLUSIONS In this paper, the results obtained by two different models of different grids in two kinds of calculation methods are contrasted, the main conclusions are as follows: The two kinds of calculation methods of these two kinds of stress intensity factors all have good performance and high precision. By comparing find that with the refinement of the grid the calculation accuracy is obviously improved The calculation accuracy of the finite element calculation of the sharp crack model (Model Ⅱ) is also significantly higher than that of the slot type crack model(Model Ι). It is proved that the finite element method can calculate the stress intensity factor of the complex component and the complicated crack form, with relatively high accuracy, which can be a powerful tool to solve the problem of crack.
